Lecture-3
Projectile Motion




Two dimensional motion

Projectile motion:

When an object is thrown obliquely into space, it is
called projectile and its motion is called projectile
motion. A projectile moves through the space under
the influence of gravitational force. Two co-ordinate
must be used to describe the projectile motion, since
it moves horizontally as well as vertically. The motion
of a football, cricket ball, missile etc. is examples of

projectile motion.
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rojectile Motion - A Vector Perspective
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Some definitions relating to projectile motion:

Velocity of projection: The initial velocity at which an
object is thrown upward is called velocity of projection.

Angle of projection: The angle between the velocity of
projection and the horizontal plane is called angle of

projection.

Time of flight: The time taken from the point of
projection and return to the ground is called time of flight.

Range: The distance the point of projection and the point
at which it falls on a plane is called the range.



Derivation of equation of motion of a
projectile:

Let a projectile begins its flight from a point O
with initial velocity v, and making an angle a with
the horizontal direction as shown in fig-1 . Taking
O as origin let the horizontal and vertical
directions be considered along X and Y-axes. So,
at t=0, the horizontal component of initial
velocity,




Equation of motion of a projectile

by =V, 05t and vertcal componeat, v, =V, 50 0

Now trom the equation of motion,

V=V, tat ey =v, =y st [a,=0]




Equation of motion of a projectile
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Equation of motion of a projectile

Now, the vertical component o te veloety s, v, =v, +a.f or, v, =v, =y nd-gf " =g
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Putting the value of t from equation (1) into equation (2), we have

. | 1 | X 3
}'zvjmaﬁi——g(LJ‘:xtM——g 1I1 = xtan (- 1gx1 SO )

yeost 1 vycosd L vjs'd lycos”

Inequation (3) ¢, g.and v, are constants. So, taking tan ¢/=0 and 1g1 =¢ a constants eq. (3) can'be

Ly cos” 0
writen s, y=bv=cx .......(4). This 15 an equation of a parabola. Hence the path of motion (called

trajectory) of a projectils & parabolic.




Maximum Height

Now, we will derwve some tportant expressions relatng projectile motion.
() Maximum height of the path of a projectile

We know from equation of motton, v* =vj + Jas

oince the vertical componeat of the projectils 1 along Y-axis, so above equation reduces to,
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Maximum Height

Let the maximum height reached by the projectile be H when final velocity v=01¢., v,=0. So, we get from

mjim g

equation (1), 0= ', ~2gH = v}sn 0~ Qg 9 H=——
| »

~(l) [Va, =-gad v, =yma]

When 0= 907, the height will be maximum. So, H =:i reeeeneen 3).
£

By knowing vy and g. H can be determined




Time to reach maximum height

(i1) Time to reach maximum height; We know from equation of motion, v=v; +at.

Since the vertical component of the projectile is along Y-axis, so above equation reduces to,

v tat.(d)
Now, the vertical component of initial velocity v, = v, sin ¢ and at maximum height final velocity v=10. So,

V,sin O

g

) [, =]

fromeq. () we get, O=vysho-gt ==

By knowing vy, g and o, t can be determined




Time of Flight

(m) Tome of figkt: ~Letthe tme of fhohtbe T. Now, we know the time of ascendtothe mavimum heaght =

. e by .
tme of descentto the ground o, T=t+t=1t=]y fimliel (0) [ By wsing eq (3
Pl

By knowing v, gand o, T can be determined




Horizontal Range

horizontal range. This is represented by R

R= horizontal component of the initial velocity X time of flight

lvysm 2 v, X 2sin ¢ cosdl v sin 22

=R =R =
g g g

R=vycosexT = R=v,cosax

......... ()

By knowing vy, g and o, R can be determined




Maximum Horizontal Range

(v) Maximum horizontal range: From eq. (7), it 15 evident that R will be maximum when sindo = |

S =00 22090 304" hthtease, B = ... (§)
g

That i, if an object s thrown at an angle 437 with the horizontal diection, the horizontal range will be

MAImI,




Problems Relating Projectile Motion

Problems relating projectile

Prob-1: A bouncing ball leaves the ground with a veloctty of 4.36 m/s at an angle of 81 degrees above the
horizontal. a) How long did it take the ball to land? b) How high did the ball bounce? ¢) What was the ball's

range!

Jysme  2x436xsin 8l
g 981

Solution: a) We know, T = =0 §78s.

visin 2 (436)"sn( 2x81)
¢ 081

il =(.60m




Problems Relating Projectile Motion

Prob-2: Look at the diagram below. A palletis dropped from a
helicopter to the ground. We will ignore the air resistance.

Path of the pallet as 1t
heads towards the

ground 100 m




Problems Relating Projectile Motion

a) What is the horizontal velocity? B) Can you show that the vertical veloctty 1s 4.7 ms towards the

ground. Note that the horuzontal velocity is ignored, ¢) What is the resultant velocty of the pallet just before
it hits the ground?

: . . . l 1] 2} 2% 100
Solution: &) We know, v, =v, =40m/ s b) We have, }':;gi St ===, —— =43k

g 08
Andagainv, =vy +gt=0+9.80x4.31=443m/ s = 4. Tm/ s(shown)

)=l + 43 =S8




Problems Relating Projectile Motion

Prob-3: The horizontal range of a projectile is 96m and its inifial velocity is 66 m/s. What is the angle of
projection!

Solution: We know

sin 2
I kBN V. JIG ITRTL S PTLi IG WIRDY
g 2 Vi (66)°
Y ¢
=t L et
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Self assessment: An object is thrown at velocity 40 m/s making an angle 600 with the horizontal plane. Find

the maximum height and the horizontal range.




